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ABSTRACT 
 
Spectrographs are used in a variety of applications in the field of remote sensing for radiometric measurements due to 
the benefits of measurement speed, sensitivity, and portability.  However, spectrographs are single grating instruments 
that are susceptible to systematic errors arising from stray radiation within the instrument.  In the application of 
measurements of ocean color, stray light of the spectrographs has led to significant measurement errors.  In this work, a 
simple method to correct stray-light errors in a spectrograph is described.  By measuring a set of monochromatic laser 
sources that cover the instrument’s spectral range, the instrument’s stray-light property is characterized and a stray-light 
correction matrix is derived.  The matrix is then used to correct the stray-light error in measured raw signals by a simple 
matrix multiplication, which is fast enough to be implemented in the spectrograph’s firmware or software to perform 
real-time corrections: an important feature for remote sensing applications. The results of corrections on real 
instruments demonstrated that the stray-light errors were reduced by one to two orders of magnitude, to a level of 
approximately 10-5 for a broadband source measurement, which is a level less than one count of a 15-bit resolution 
instrument. As a stray-light correction example, the errors in measurement of solar spectral irradiance using a high-
quality spectrograph optimized for UV measurements are analyzed; the stray-light correction leads to reduction of errors 
from a 10 % level to a 1 % level in the UV region. This method is expected to contribute to achieving a 0.1 % level of 
uncertainty required for future remote-sensing applications. 
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1. INTRODUCTION 
 
Array spectrometers, or so-called spectrographs, are used in many applications in remote sensing and astronomy for 
radiometric measurements. These measurements are used for obtaining spectral information, for development of 
algorithms relating the measurements to a desired data product, and for the vicarious calibration of remote sensing 
instruments.  Spectrographs employ array detectors that can simultaneously acquire high-resolution spectra of a source 
in a matter of seconds, as opposed to typically minutes with mechanical-scanning spectrometers. 
 
The radiometric performance of spectrographs has improved considerably in recent years, reflecting improvements in 
array detector technology.  However, spectrographs are single grating instruments that are susceptible to systematic 
measurement errors arising from stray light, or stray radiation, within the instrument.  This unwanted background signal 
of a spectrograph is on the order of 10-3 to 10-5 of the peak signal for a narrow-band source measurement, or on the 
order of 10-1 to 10-3 of the averaged signal for a broad-band source measurement, depending on the quality of 
spectrograph.  Stray light can cause significant errors when measuring a low-level spectral component of a broad-band 
source.  For example, a high quality spectrograph that has a stray-light level of 10-3 for a broadband source 
measurement will lead to a relative measurement error of 100 % of the ‘true’ value when the spectrograph is used to 
measure a spectral component that is 0.1 % of the averaged signal of the broad-band source.  This level of error is 
significant compared to the acceptable measurement uncertainties in many remote sensing applications, which are on 
the order of 1 %.  Eliminating stray light in spectrographs removes a significant source of systematic error and results in 
much improved measurement uncertainties. In measurements of ocean color, for example, stray light of the 
spectrographs has led to significant measurement errors and measurement uncertainty was reduced significantly after it 
is corrected [1].   
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Stray light errors occur in the calibration of the instrument and in subsequent measurements of test sources.  
Spectrographs are typically calibrated against reference standards that utilize incandescent lamps (and deuterium lamps 
for UV).  In the case where the test source and the calibration source have similar relative spectral distributions, errors 
arising from stray light are mostly canceled.  In most cases, however, the spectral distribution of a test source differs 
significantly from that of the calibration source and measurement errors due to stray light are inevitable.  In fact, stray 
light is often the dominant source of uncertainty, particularly when single grating instruments measure light sources 
such as light-emitting diodes (LEDs) and UV sources. 
 
Brown, et al. [1, 2], developed an algorithm previously that corrects an array spectroradiometer's spectral responsivity 
and a test source’s spectral distribution for stray-light errors in two separate steps, by characterizing the spectrograph for 
the slit scattering function (SSF).  This iterative approach is robust and not sensitive to measurement noise or small 
errors in the derived SSF, and was used successfully to correct the stray-light errors in the Marine Optical System 
(MOS) [1]. 
 
In this work, we have developed a method that is simpler and much easier to apply, based on the relative measurement 
of instrument’s response to a set of laser lines.  The characterization yields a stray-light correction matrix.  The 
correction of signals for stray light can be done by a simple matrix multiplication.  No iterative process is needed, and it 
is straightforward to implement the correction in the instrument software without impacting the acquisition speed.   
 
Validation measurements demonstrated the effectiveness of the method.  The stray-light error in the measured raw 
signal (the signal arising from stray light errors) after the correction was reduced by one to two orders of magnitude, 
typically to a level of 10-5 for a broad-band source measurement: a level equivalent to less than one count of a 15-bit 
resolution instrument.  This implies that a stray-light corrected instrument can measure a spectral component that is 
0.1 % of the averaged value with a measurement error of 1 %. The error without the correction in such a case can be 
close to 100 %.  Another way of looking at this:  the stray-light correction implies that with a fixed error tolerance from 
stray-light, the instrument’s effective dynamic range is extended significantly.  In this paper, the method, the correction 
results, and examples in remote sensing applications are presented. 
 

 
2. STRAY-LIGHT CORRECTION IN SPECTROGRAPHS 

 
The theory and procedures of the correction method are reported in detail elsewhere [3].  The essence of the method is 
given below. 
 
The stray-light correction is based on characterization of a spectrograph for the stray-light distribution function (SDF) 
derived from a measured spectral line spread function (LSF).  The LSF is the relative response (signals) of a 
spectrograph to a monochromatic spectral line source (eg. a monochromatic laser), and is conceptually equivalent to the 
point spread function (PSF) in an imaging optical system.  The SDF is the LSF normalized by the total signal within the 
bandpass of a spectrograph. The SDF is set to zero within the bandpass.  By measuring a set of line sources covering the 
spectral range of the instrument, and interpolating between these line spectra, an n
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